We present the participatory design and evaluation of an orientation aid for individuals who have anterograde amnesia. Our design team included six amnesics who have extreme difficulty storing new memories. We describe the methods we used to enable the participation of individuals with such severe cognitive impairments. Through this process, we have conceived, designed, and developed the OrientingTool, a software application for Personal Digital Assistants that can be used by amnesics to orient themselves when feeling lost or disoriented. Two complementary studies were conducted to evaluate the effectiveness of this tool in ecologically valid contexts. Our findings suggest that the OrientingTool can improve an amnesic's independence and confidence in managing situations when disoriented, and that participatory design may be productively used with participants who have significant cognitive disabilities.
INTRODUCTION
Anterograde amnesia [7] is a memory deficit that impairs an individual's ability to form and retain new information following a brain injury. Memories formed prior to the brain trauma are more easily recalled. Though this selective deficit spares other cognitive functions, people with anterograde amnesia have great difficulty managing their lives because of their difficulties in retaining information relevant to their day-to-day lives.
A major issue of concern for amnesics and their families is the problem of disorientation. Even when traveling with caregivers, amnesics are susceptible to feeling lost and disoriented in various settings because of their difficulty in recalling recent events. Such episodes are typically accompanied by anxiety and panic, often compounded by the rush of noise and commotion in unfamiliar public settings. Amnesic individuals have few established strategies for dealing with such scenarios. If caregivers are present, they often will cue the amnesic back to normality by telling them the details of the current situation, but when amnesics are alone -even temporarily -the end result can be devastating. Because they have difficulty thinking back through the day's events to try reason what is going on, amnesics may call for police assistance or even wander around the city looking for a familiar landmark that might give a clue to where they are and what it is they are supposed to be doing. In either case, their loved ones often helplessly wait and worry.
A participatory design team involving six amnesics was created with the goal of designing a computer tool to address this problem of disorientation. In this paper, we present the design process used and the system envisioned by our participatory design team. The resulting application is called the OrientingTool and it presents situational information (for example, time of day, location, user intentions and goals) to help an amnesic who is disoriented get back on mental track. We have trained several amnesics how to use our tool and have conducted two complementary user studies to evaluate its effectiveness in ecologically valid contexts. Finally, we discuss the implications of amnesia on the design cycle as well as its influence on the tool we built. 
RELATED WORK
Research into orientation devices has typically been limited to wayfinding and obstacle avoidance [2, 4, 14] . Such systems provide location and position awareness. In developing several wearable orientation and wayfinding interfaces, Ross and Blasch [18] noted that orientation information should include: current location and heading, distance and direction, overall layout of the surroundings, and things of interest to the user in the environment. The first three items aid spatial orientation and mobility; the last item suggests that additional information relevant to the current situation is needed. We believe that situational information such as intent of a user's actions and context should also be included in orientation. Some of this information can be provided by memory aids.
Researchers have argued for the use of electronic devices as external memory aids in the rehabilitation of memoryimpaired individuals [11, 15] . Many such devices use built-in alarms to remind patients to carry out tasks at particular times while messages are displayed to provide details of the task. For example, NeuroPage [10, 22] is a pager system for assisting memory-impaired individuals in remembering tasks. A caregiver uses a desktop computer to input prompting times and messages. At the appropriate times, the pager transmits those messages to the wearer through a small display on the pager. MAPS-LifeLine [5] is a guided prompting system that supports diminished executive and memory functions by allowing caregivers to track and support clients in remote locations. A caregiver uses a web browser on a desktop computer to create support scripts that that can then be used on a client PDA while clients perform day-to-day activities such as shopping. Both NeuroPage and MAPS-LifeLine are distributed support systems in which caregivers must be able to create plans in addition to ensuring successful task completion. In contrast, the goal of our work is to focus on improving self-sufficiency and thus independence in memory-impaired individuals. We hope to support them as they manage their own plans, thereby interactively participating in their own rehabilitation.
Perhaps the most promising orientation aids are mainstream PDA applications. Reminding software such as Note Pad (in the PalmOS), BugMe! (http://www.bugme.net/bugme/), and DiddleBug (http://diddlebug.sourceforge.net/) allow someone to store short notes on their PDA, which can later be displayed through an alarm. These notes can take the form of prospective tasks such as a mental note to remind oneself that a task needs to be completed at a later time. As a result, these applications can be used for storing notes that convey orientation information. However, none of these generalpurpose applications have been designed for memory rehabilitation nor do they allow management of a situation in a structured way.
BACKGROUND
Our current project has been preceded by over a decade of work by researchers from the Baycrest Centre for Geriatric Care, a major research and clinical setting working with senior citizens and patients with deficits such as amnesia. One of their major research agendas focused on developing non-technological compensatory strategies for people who have memory impairments. Richards et al [17] developed a paper memory book to assist memory-impaired individuals in carrying out prospective memory tasks. These tasks include scheduling appointments, storing contact information and recording messages for others. The memory book consists of a specialized alarm mechanism and a binder with paperbased day planner enclosed (see Figure 2) .
Figure 2. Memory book (alarm detached for illustration).
More recently, Richards et al. have extended their work by successfully training individuals with amnesia to move from their paper-based memory book to electronic PDAs (Palm Pilots). They used mainstream scheduling software, and evolved training techniques for electronic media based on the techniques they developed for the paper artifacts. This is the context of our current research.
FIELD STUDY
To better understand the domain, we conducted a set of semistructured interviews. A total of 18 people participated in these interviews: 8 amnesics, 8 caregivers (of the amnesics), 1 health care worker, and 1 occupational therapist. It was important not to solely rely on the responses from the amnesics because their memory deficits could interfere with data collection. Yet they are our primary informants, and their mental faculties other than memory are strong, so we needed to hear their voices. We recruited our interviewees from a group of amnesics and their families who were involved with the Memory-Link program [1] at Baycrest. The Memory-Link program is an outpatient service that aims to train and support amnesic individuals and their families. The program includes participation in a psychoeducational support group, skills training for memory aid use, and resources and links to other relevant services in the community. Consequently, there was a bias in our sample population. The amnesics we interviewed had been utilizing memory aids that have been developed at Baycrest (in particular, the paper-based memory books). Though members of this group were not representative of "typical" amnesics who are likely to have had less formal memory training and support, we learned a great deal from this relatively small population. We arranged the interviews as site visits, in which a researcher would visit the homes of the amnesics and their families to learn more about memory issues and how they impact their lives. See [26] for details on the insights gathered from these interviews.
The motivation for our work arose from discussions with our amnesic participants during our interviews. One amnesic individual described a situation during which he experienced disorientation and high levels of anxiety as a result. He was on vacation in an unfamiliar city. On this particular day, he was in a casino. As he exited the restroom facilities of the casino, he suddenly realized he had no idea where he was, what he was previously doing, or even who he was with. Looking about, he knew that he was in a casino, but did not recognize any landmarks. He tried to think back and trace through what happened that day, but could not recall anything. Becoming very anxious and feeling lost, he literally shut down and decided to stay where he was, figuring someone would eventually come and find him. Fortunately, his wife, who was concerned about his long absence, went to look for him and did indeed find him.
This issue of sudden disorientation was more prevalent than we at first believed. We found strong evidence of wandering due to disorientation in all our amnesic interviewees and families. The majority of the family members considered that losing their loved one in a crowd was one of their primary fears. Six of the eight amnesics that were interviewed have experienced situations in which they have become totally disoriented while out on their own. The remaining two have had milder disorientating experiences lasting minutes, mainly because their family members tend to keep a tight watch over them and are usually around to cue and reorient them. While all the amnesics indicated that they had experienced these milder episodes of disorientation, there were individual differences in the frequency with which they occurred.. The amnesics we interviewed had various techniques for handling the situation when lost. Responses following an episode of disorientation were unpredictable; Different families dealt with the same situation in different ways. One amnesic acknowledged that he tried to wander around to see if he could recognize any landmarks. In contrast, two other amnesics reported that they adhere to a basic rule of staying within the same building when lost. Another amnesic typically resorts to calling a taxi to return her to familiar territory. In 3 incidents, police assistance was required.
PARTICIPATORY DESIGN APPROACH
We decided to take a participatory design approach [9] for several reasons. Special needs populations have often been marginalized and thereby disadvantaged, but the principles of participatory design advocate respect for all collaborators and thus encourage all participants to contribute. Also, personal expertise is extremely important when special needs are considered. It can be extremely difficult for designers to imagine the experience of coping with a cognitive impairment, resulting in a gulf in understanding between the impaired and non-impaired individuals' experiences of the world. This gulf can be bridged through mutual learning [3] , a key tenet of participatory design.
We gathered a multidisciplinary design team that consisted of six amnesics, one neuropsychologist (third author), and one computer scientist (primary author). Our design team was diverse in age (ranging from 25-55) and past occupations (including a judge and power tools designer). Our amnesic participants were selected from a larger group of amnesics involved with Memory-Link. We selected participants whose level of memory function enabled them to retain some memory for workable periods of time, rather than involving the most severely impaired amnesics who were unable to retain information for more than a few minutes. The amnesics have been living with amnesia for some time and are aware of their cognitive strengths and weaknesses. They provided many first-hand experiences and insights into their memory difficulties.
Doing participatory design in the face of such cognitive impairments was challenging, so we architected the design process to accommodate working with amnesics. We used four techniques to directly support memory during and in between design sessions. In the next subsections we provide a brief description of these techniques to highlight our approach. For a more thorough elaboration on our participatory design process including the activities, artifacts, rationale, and how they fit into the broader notion of participatory design with vulnerable individuals please see [25, 26] .
Incorporating Structure in Review and Activity
The most obvious solution to the problem of forgetfulness is to review items throughout a meeting, using redundancy to advantage. We have found through our interviews that presenting details at a later stage can help trigger recall of the larger memory encompassing those details. At the beginning of each session, we verbally reviewed the key components from the previous session to put the current meeting into context. At key points during a meeting, such as before a consensus decision was to be made, we would review key details, including arguments from different perspectives. Finally, at the end of each session we discussed choices that were made throughout the meeting.
From our interviews, we learned that amnesics often deal with problems in a structured manner to increase the chances of successfully completing a task. We thus tried to use activity structuring as much as possible. For example, in one of our meetings, content was divided into sections, and each section had one or more goals that were to be addressed. Since each section was independent of the others, there was no need to recall earlier details of the meeting at later points of the session.
Emphasizing Physical Artifacts
As with past case studies [23] , our field study had shown that amnesics rely heavily on external memory aids, such as a calendar or an action item list. This is somewhat equivalent to memory triggers, for example strings on fingers, which people use when they want to remind themselves to do something. With an amnesic, however, using a strategy such as a string on their finger will likely fail because remembering the original message attached to the trigger is difficult. Thus, though physical artifacts can aid memory, they must be used in a specific way.
We used two different kinds of artifacts in our participatory design sessions. Paper documents such as meeting agendas and use case scenarios were used extensively for guiding discussions. We also created physical artifacts such as storyboards and referred to them when relevant to our discussion (see Figure 3) . 
Creating Environmental Support
Some research has specifically used a person's environment to reduce the demands on memory [6, 20] . A simple illustration is the use of name tags that allow people to refer to one another by name. The tags remain with their wearers and constitute a part of the environment. Names need not be committed to memory because of this external support.
One example of how we made use of environmental support is in the location we decided upon for our design meetings. We arranged to use a board room at Baycrest. All of our design partners agreed that the room conveyed a feeling of importance. We utilized much whiteboard space along with poster stands and physical artifacts within the room to help provide various distinctive contextual cues to aid memory.
Documenting Design History
Supporting memory between design sessions is one goal in the field of design rationale, which seeks to capture and maintain documentation detailing how designers reason and arrive at their decisions [16] . Though creating documentation can be tedious and time consuming, it becomes vital when working with amnesic individuals.
One way of supporting memory between weeks is to allow all participants to take the contents of the meeting with them when they leave, so as to allow review in between sessions. We knew that each member of our design group used a Palm device on a daily basis. We wanted to make use of the Palm to store meeting notes that would be typed up on a laptop during a meeting, so we beamed these notes to each Palm. In this way, members could take home the minutes and would have access to them throughout the week. Since the memo application was frequently used, the likelihood of reviewing the material from our meetings was reasonably good.
ORIENTINGTOOL APPLICATION
We wanted to develop a system that could be used to help an amnesic get back on track after disorientation. The basic premise is that amnesics would carry around PDA software that would provide contextual information to cue them to the current situation.
Our approach is to have the user enter contextual information into their portable system before they begin an activity that may lead to disorientation and then have the system return that information later when needed. This requires that an amnesic must make a conscious effort to input the data beforehand, but how can someone know in advance that they will get lost? Through our interviews we learned that amnesics know their limitations and are good at recognizing situations in which they may be vulnerable. Amnesics have comfort zones, or routines and places with which they are familiar. Oftentimes, it is the deviation from these zones that leaves an amnesic susceptible to being lost or confused. The ultimate vision of our system is that it will allow someone to push beyond their comfort zone and independently explore new spaces and new situations. Reliability of the device would instill more confidence in one's ability to expand their experiences and situations, rather than solely sticking to what is currently comfortable or known.
As members of Memory-Link, our amnesics each owned and operated Palm devices, so our design team chose to design for the Palm platform. We developed the OrientingTool, a software application for Palm Pilots that can assist an amnesic who becomes disoriented. We used the Palm Zire 71 (http://www.palmone.com/) as the PDA hardware for prototyping the OrientingTool (see Figure 1 ). The software application was developed using C++ and runs on the PalmOS 5 platform. Our application was also programmed to be backwards compatible with PalmOS 3.5 and will thereby run on the majority of existing Palm devices on the market.
Basic Functionality
Once the OrientingTool is launched, its main form is displayed (see Figure 4 ). This form is used to record the current situation. It is also the same screen that is shown for cueing an amnesic. The main form always shows the current day and time at the top of the screen. The body of the form is organized into four sections, labeled by: When, What, Where, and Who. The What, Where and Who sections each contain a labeled pop-up trigger, a text field, and a button. The text fields are filled in with appropriate information pertaining to the situation. A set of buttons are listed at the bottom of the screen. The New button clears the form completely. The Today button retrieves and displays all appointments on the current day from Palm's Date Book application (Date Book is an application provided by the Palm). The Done button signals that a complete note has been entered into the application.
Having all the details on one screen allows an amnesic to see the pertinent information all at once, decreasing the chance that the user misses some information because of inaction or lack of adequate exploration. Tapping on one of the four triggers will activate a menu of options. For example, the What shortcuts are displayed on the right in Figure 4 . For the What, Where and Who triggers, the menu lists a set of shortcut options. Tapping on a shortcut will insert text into the text field. Similarly, the Who trigger pops up a list of names and a subsequent tap on a listed name dismisses the menu and appends the selected name to the text field. We incorporated these shortcuts for commonly used phrases to help reduce the total interaction time because entering words through a digital keyboard can be slow.
Tapping on one of the buttons (labeled T) beside a text field will bring up the system keyboard so that customized text can be appended into the associated text field.
The When pop-up trigger is used to set an optional alarm for external prompting to request user attention. This feature is intended for spontaneous meeting arrangements, rather than scheduled appointments (like meetings with a doctor) that are kept in the Date Book. When the trigger is tapped, a list of durations is presented (1 min, 5 min, 10 min, etc). As opposed to how an alarm is set with the Date Book, where a time (precise to the minute) is explicitly set using at least 7 taps, the alarm in the OrientingTool is set using only 2 taps (one to trigger the menu, one to select the interval). After the user selects one of the options, the system calculates the time that the alarm will ring and displays this time to the right of the trigger. When the alarm is triggered, a series of reminder screens that is consistent with how Date Book behaves is presented to get the attention of the user.
EVALUATION
One of the fundamental difficulties [15] in evaluating the effectiveness of cognitive aids is demonstrating ecological validity. This is largely because many experiments require that variables be controlled, a feat easier to achieve in the laboratory. While demonstrating use of a system in a laboratory environment is useful, this may shed little light on effective deployment and use of a device in real situations. We wanted instead to observe OrientingTool usage in ecologically valid contexts.
We conducted a pair of user studies: one short-term focused evaluation, and the other a medium-term freeform study. We were interested in how the application would be used in real settings, but we faced an unusual dilemma. The goal of the OrientingTool is to help amnesics when they are feeling lost or disoriented, but we wanted to avoid placing them under any source of anxiety during our evaluations. Therefore, in our first study we orchestrated some reasonable situations and made direct observations. In our second study, we installed the OrientingTool on the amnesics' Palm devices so that it could be used with their families in real situations. However, it was made clear to each participant that the tool was only to be used in situations with which all parties felt comfortable.
We first trained the amnesics for skill acquisition using scenarios as examples, then we let them enact scenarios at a mall in a designed situation, and finally we allowed them to use the tool both at home and away from home in arbitrary situations.
Training
Over the past decade, researchers have discovered that procedural memory systems are preserved in amnesics, who are capable of learning new associations and interaction sequences under specific conditions [19, 21] . Amnesics are able to learn how to do something through repetition. For instance, they can learn how to type through practicing on a keyboard, but will not be aware of how or when they learned.
We have made use of much of this past research as we trained our amnesic participants to use the OrientingTool.
In total, 7 amnesics and 7 trainers participated in hour-long training sessions. One amnesic and one trainer would progress through 20-30 trials each day. An individual trial consisted of all the interactions involved with the entry of one note into the OrientingTool. Trainers verbally provided scenarios and reinforced details as required, simulating a situation akin to an amnesic receiving cues from a caregiver. We were successful in training all our amnesics and noticed that the skills were fully retained even after several days. Further details may be found in [26] .
Evaluation Phase 1: Short-Term Focused Study
We planned a two-hour evaluation of the OrientingTool in a local shopping mall so as to test a scenario in which there were many possible realistic distractions. A total of 15 people were involved in this evaluation: 6 amnesics, 7 confederates, and 2 observers. We were curious to know if there might be a difference in reactions to the OrientingTool between amnesic designers in our group and amnesics who were not involved with design. As such, of the 6 amnesics, 3 were from our design team and 3 were not. One of the participants (F) acted as a control in our evaluation. He had not been previously trained to use PDA's, but made use of a paper memory book [13, 17] .
Each amnesic had the OrientingTool loaded onto their Palm, and was paired with a confederate partner. The paired teams were to meet at designated times and locations throughout the mall, but before these meetings, the teams were to engage in shopping activities that included: product price matching, finding a gift or item, and collecting specific product details. We chose these activities as they are common shopping tasks. The activities were presented to the teams as a scavenger hunt, to be completed as the partners worked together. Each team received a different selection of activities. We ran 3 trials in total, with each trial lasting for 30-40 minutes. All the pairs had to meet together at the same time. We chose this format instead of meetings between two pairs because we did not want any groups waiting around should one of the groups miss their meeting. No amnesic worked with the same confederate more than once. This allowed us to examine each amnesics' tool usage from at least three perspectives.
The confederates were to stay with the amnesics to ensure that they did not get lost, and they also helped as direct observers, distracters, and prompters. At the end of each trial, the confederates recorded notes about usage of the OrientingTool. During trials, in order to prevent the amnesics from consciously concentrating on remembering that a meeting was scheduled, the confederate partner acted as a distracter by engaging the amnesics in shopping activities. We also wanted to know whether or not the notes could trigger a correct recall of the situation, how much prompting and intervention was needed to use the device, and if there were any spontaneous unguided accesses to the OrientingTool by the amnesic.
During the trial, some confederates asked the amnesics if they knew what was to happen next, and watched if the amnesics responded by checking the OrientingTool.
Confederates also watched for any checking of the tool without external prompting. We paid attention to the alarms, errors in tool use, and whether or not additional reinforcement from the confederate was needed when the amnesic made an orienting note.
Evaluation Phase 1 Results

Ambient Noise Obscuring the Alarm Cue
We did not anticipate that the ambient noise in the shopping mall would interfere with the Palm alarm, but the alarm was heard in only 7 of the 15 trials despite being set to maximum volume. In one of these trials, only the amnesic heard the alarm while the confederate did not. In the six other cases when the alarm was noticed, the pairs were either away from the traffic of people or walking inside less busy stores. In the cases when the alarm was not heard, the confederate prompted the amnesic five minutes after the meeting time asking them if they knew what was to happen next. In every case that this was asked, the amnesic took out their Palm and checked. Upon activating their Palm, a reminder screen was already displayed (as in the default behaviour of the Date Book) that was used to see the last input OrientingTool note. In 12 of the 15 trials, the amnesic then mentioned relevant information to the confederate.
Spontaneous Use of the Tool
We observed two instances in which an amnesic spontaneously checked their device without an alarm or confederate providing the cue. In the first case, subject Y wanted to check the meeting time before proceeding onto the next shopping activity. He checked his Palm and realized that the alarm had already gone off. In the second case, the confederate partner of subject M wanted to sit down briefly to jot down a few quick notes. As the confederate sat down, subject M asked aloud what time the next meeting was scheduled for while pulling out his Palm. He saw that the meeting was to happen soon and voiced the location to the confederate. Shortly thereafter, another pair (Y and confederate) walked by and subject M pointed out to them that they were heading in the wrong direction for the next meeting. Subject Y then pulled out his Palm and confirmed this. This sharing of information by the amnesics occurred in 3 of 15 trials (2 of these were as a result of spontaneous access to the tool).
Dependence
In the first trial, only half of the pairs made it back to the meeting location in under 30 minutes. The confederates did not know the meeting times or locations until they were announced to all the pairs. In one instance, the confederate was actually relying on the amnesic's Palm to ring at the proper meeting time (she forgot the group meeting time).
There was a notable difference between the pairs using the OrientingTool and the subject that did not. Subject F relied almost entirely on the confederate to remind him of the meeting. The confederate used his watch for timing. In all trials, subject F did not want to use his paper memory book, saying that it was used for other things (scheduling, phone numbers, etc). He did write the meeting details on the mall map that he carried. However, this was not reliable because he forgot to check the map. Not surprisingly, the reliance on the confederate added greater responsibility and a larger mental load on that individual.
Errors
In 6 of the 15 trials, the amnesic initially started to use the Date Book to schedule the meeting. In five of those cases, the confederate pointed out that there was something else that could be used, and upon hearing this, each of the amnesics made use of the OrientingTool. In the lone case where the confederate did not realize this, the amnesic (subject J) used the Date Book to schedule the meeting. However, the alarm in the Date Book was not set, and so when it came time to meet there was no cue. Upon closer examination of how the Date Book was used, no contextual information was added other than the meeting location. He neglected to specify that there would be a meeting, nor did he mention who would be present.
Evaluation Phase 2: Medium-Term Freeform Study
A second evaluation (running 3 weeks) was planned to explore real situations in which the OrientingTool might be spontaneously used. We wanted to better understand how the tool is utilized, in what situations, and how often the caregivers provided cues or prompts. We realized that any solution that would be integrated into the amnesics' lives must involve the caregivers or family, who must be constantly present for prompting until the behaviour is learned. We handed out observation sheets to each of the family members for recording every instance of tool use.
We installed the OrientingTool onto the Palms of 5 amnesics and asked them to make use of the device in situations with which they felt comfortable. 4 amnesics who participated in this study were from our design team (D, M, J, L). Amnesic Y was not a designer, and lived independently; as we noticed that he had used the tool spontaneously in the first evaluation phase, we included him in Phase 2.
We held two general group meetings, one after the first week and the other at the end of the 3 weeks. All the family members and the amnesics were invited to discuss their experiences with the OrientingTool and suggestions for interface or functionality improvements. For those members who missed any one of the meetings, phone interviews were arranged. In addition to these direct discussions, some computer logging was also done and this data showed that there was consistency between what the amnesics and caregivers reported. The third author of this paper is the clinician responsible for care of these individuals. He was able to confirm the credibility of the data in terms of his long experience with the amnesics and their caregivers.
Evaluation Phase 2 Results
In our first user study, we knew that some of the amnesics might be cued to use their tool by other amnesics who immediately used it within their proximity when the meeting times and locations were announced. In contrast, this second study paid closer attention to whether or not the tool would be spontaneously accessed for input as well as checking without external cues.
There were at least 11 uses of the OrientingTool during the 3 week period. The situations included setting up a lunch meeting, getting back to finish the laundry, returning from a biking trip, shopping, walking the dog, and waiting for an appointment. Amnesic M's caregiver observed that once they become more accustomed to using the tool, they would be able to use it much more often. Amnesic L mentioned, "I use it… oh… about two times a day", becoming "…very comfortable using it." He had used the OrientingTool very much independently from his family member, who did not supervise use of the tool at all, but noticed through casual observance and discussion that it was being utilized daily.
Initial Reservations
There were some initial reservations from three of our amnesics (D, Y, L) because they felt that the OrientingTool was a duplication of the Date Book functionality, but when they started to use the OrientingTool, they began to understand the differences and found the tool useful. A caregiver observed, "When he finds it helps, then he'll use it. First he thought it was the stupidest thing... He thought it was duplication, and now he sees the use for it." At the same time, one amnesic was reluctant to use his OrientingTool when he was prompted because he felt he would remember the detail. His family member commented, "He'll get mad at me because he thinks he can remember that one little thing. Like if he wants to do the laundry or something around the house, he thinks he'll remember and I can't sort of remind him because he'll get mad at me… Even with this new tool, he got mad at me the first couple of times we tried it… But he goes 'You know what? This works.' And then he did it on his own because he went to take the laundry out and there wasn't anyone to go with him, and he used it -on his own."
Spontaneous Use of the Tool
Spontaneous use of the OrientingTool is a vital step for autonomous functioning. At least 5 cases were spontaneous in that the amnesic chose to use the device without prompting from another person. Of these uses, 2 were for laundry, 2 were for waiting for an appointment, and 1 was for setting up a lunch meeting. Amnesic L mentioned that he used the tool by himself at least twice a day. This was confirmed by the family member who did not prompt him at any point during the 3 week period.
Sample Personal Accounts and Interface Implications
On the first day after the tool was installed, amnesic L was waiting by himself at Baycrest for a doctor's appointment at 3pm. He arrived early at 2:20 pm and decided to stay in the main lobby as there was a piano performance in the public space. Once that ended, L read a book on one of the benches. At 2:50 pm, he began to wonder why he was there. He knew where he was, but did not know for what purpose. Reasoning that he was not there for a board meeting as he was wearing shorts, he figured that he was probably there for a doctor's appointment but still did not know with whom or when. Without external cueing, he took out his Palm device and started the OrientingTool -this reoriented him in to what was going on.
Amnesic L took his father to a dentist appointment, which lasted 40 minutes. While waiting for his father, he decided to get a cup of coffee from the coffee shop across the street from the dentist. Before leaving the dentist's office, he utilized the OrientingTool and simply used the What field to say that he was waiting for his father who was in a dentist appointment. He did not use an alarm. While sipping his coffee, he placed his Palm on the table where he could see it.
After finishing his coffee, he checked his device and saw that he was to pick up his father from the dentist. This allowed him to return to the dentist's office.
Amnesic J and his family member used the OrientingTool in a few shopping scenarios. In one case, they used it for a grocery shopping task. The family member prompted J to input the note into his Palm before leaving the house. When they arrived at the grocery store, the family member asked if J knew what they were doing there. He replied that he knew they were to go to the grocery store, but he forgot why. He automatically took out his Palm without further cueing and launched the OrientingTool, where he saw what he needed to do. He then proceeded to enter the store and pick up a food item while the family member observed him through the large store windows from the outside.
Amnesic D went bicycling with his daughter a couple of times. In both cases, D's wife wanted him and their daughter to return in half an hour, and suggested that he use the OrientingTool. In the past, D's wife had to go out to find them because they would not return from their excursion. "He argued it for a second," said D's wife, "but then I know he'll be back." On both these occasions that the tool was used, D returned with his daughter on time.
We were surprised to see that amnesic Y used the OrientingTool, particularly because he did not have a family member prompt his usage of the tool. He used the OrientingTool while doing his laundry. After putting his clothes into the washing machine, he marked a 15 minute alarm into his device and wrote in "laundry". When asked about his first impressions of the tool, he claimed, "In many ways, I thought it was useless -but you know what? It actually helps. It does make a difference -for me."
Support for Short-Duration Tasks
We found that some of our amnesics were making use of the OrientingTool in a way that was slightly different from how we expected they would use it. We started our designs by focusing on helping amnesics with orientation when they were lost. However, it seems that through actually using it, the use of the device has shifted away from assistance with disorientation to assistance with keeping on track for shorterduration tasks (lasting around 10-30 minutes), such as doing the laundry or mailing a letter while walking the dog. These particular tasks were not mentioned during training sessions or design meetings. This is a more functionally-driven use of the OrientingTool rather than a preventative focus. On this realization, one caregiver mentioned, "Yeah, we can use this everyday -like a couple of times everyday… Practically, it's got more uses than you [originally] thought." This may be an important step toward eventual integration of the tool in real life. As this usage pattern is frequent and habitual, it improves the tool's readiness and availability when needed for situations that could potentially lead to disorientation.
Confidence and Assurance
One of the goals of our work is to improve the confidence and autonomy of our amnesic participants. 
ISSUES AND DISCUSSION
Some issues and barriers that we faced include device acceptance, specific versus general-purpose tools, and implications of training on the design process. We also reflect on our participatory design experience.
Acceptance
Though assistive devices can be invaluable, people with cognitive deficits may be reluctant to use them in public if this may label them as impaired or disabled [8, 13] . As a result, there is often a stigma associated with assistive technologies [12] , leading to lower acceptance rates of such devices. We did not observe this response from our design partners who were in fact very excited about the prospects of the OrientingTool. This might have been due in part to the nature of their involvement in this project, as some researchers have suggested that consumer involvement improves acceptance of the device [24] . We also posit that the decision to use Palm hardware positively contributed to their perceptions of the orientation application. PDA's are used by a broad range of people for a variety of different reasons such as games or appointment scheduling, and so being associated with something like a Palm Pilot in no way labels the user as impaired. Thus, the use of a mainstream hardware platform for our software seems to have reduced the barrier to its acceptance as a memory aid.
Special-Purpose versus General-Purpose Tools
Given that our users must train before they are able to effectively use an application, we could have conceivably trained them to use a general-purpose application instead of the OrientingTool. The problem with this is that generalpurpose applications were not built with the needs of someone with severe memory impairments in mind, and so conventional systems often follow other guidelines that are based on a different value system. For example, if we had trained amnesics to use Palm's Memo Pad application in a manner similar to the OrientingTool, an amnesic might write paragraphs of text to describe their situation, but because the application is freeform with no logical structure, we conjecture that there is an increased potential for error through leaving out important details.
Implications of Training on the Design Cycle
Training our amnesic participants was a necessary step toward effective use of our tool. One result of this was that all our users became experts with the interface before the tool was deployed for evaluation. This has serious implications on the duration of design cycles. Design is inherently iterative, involving cycles of system design, development, and testing. In our project, training can take a large amount of time and thus there exists a lag between prototype development and testing. It is important to identify if there may be ways to shorten this lag and thus the duration of the design cycle. One thought is to break the prototype into chunks that can be trained in a staggered manner so that the entire system need not be built before portions of it are evaluated.
As design is iterative, recommendations to change the interface between cycles necessitates that new skills must be acquired and old skills corrected. While training is essential, researchers have also argued for minimal training of memory-impaired people, since past skill sets may interfere with new ones [22] . Since we spent a non-trivial amount of time on training, we cannot test a prototype, make an interface change, and test it again in a reasonable time frame.
We have tried to address this problem by considering possible interface conflicts in the early stages of design. However, iterations must build upon each other carefully, and this issue reduces a team's ability to explore vastly different design ideas once a prototype is developed.
Reflection on Participatory Design Experience
We have had major contributions from all members of our team. Active participation in the design sessions led to at least one amnesic from our group feeling more confident in his ability to handle disorientation incidents. In one instance when participant L made use of the OrientingTool, he remembered having discussed the OrientingTool extensively during design meetings and felt confident in the tool's ability to keep him on track. His confidence appeared to encourage him to use the tool more often.
One way of examining whether our participatory design approach was appropriate in our project is to examine the end results and product. The fact that the design team worked together as a cohesive unit, despite differences in opinion at times, was encouraging. As well, the success of the OrientingTool as a product of our design suggests that we succeeded in achieving our design goals. In terms of mutual learning, the two non-amnesic design members (ie. the author and neuropsychologist) learned a great deal about amnesia from those living with memory impairments. Likewise, though the amnesic individuals had difficulty remembering the specific details of their design group experience, they developed an appreciation for the design work in which they were direct contributors. In another incident, amnesic S was shocked to see the initial electronic prototype of the OrientingTool being demonstrated on a Palm. When asked why she was surprised since the team had been designing the tool for a couple of months, she commented that she had previously been in many meetings that resulted in a lot of talk, but with little action or results.
The majority of our design team had amnesia (6 of 8 individuals), but in actuality everyone in the team experienced memory lapses during our design sessions. The amnesics were relieved to see that the non-amnesic individuals (ie. the author and neuropsychologist) could make mistakes based on poor memory, and derived enjoyment from lighthearted joking about the situation. We sometimes used these episodes of memory failure as common ground with the amnesic participants, and as a way to remind them that our design work may have implications for those with normal memories as well.
CONCLUSION
We have demonstrated that participatory design is a viable option for special needs populations with cognitive impairments. For the most part, participatory design teams with cognitively impaired populations have in the past involved single-subject cases in which the design partners offered suggestions to an external designer, but did not act the role of the designer. Our team consists of a majority of amnesics who made design decisions by consensus. We developed four techniques that support memory during and in between sessions. These techniques may have a greater applicability beyond amnesia as no one is immune to normal memory lapses.
Through our participatory design sessions, we have designed and developed the OrientingTool for Palm devices, specifically created to accommodate the needs of people having amnesia. This tool assists amnesics when they feel lost or disoriented by providing information as to their whereabouts and their intent for being where they are. We have successfully trained a group of amnesics for interaction with the OrientingTool and have evaluated this tool under both a designed situation and more realistic settings. Our results suggest that it allows amnesics to effectively manage situations in which disorientation would otherwise provoke high levels of anxiety. Long term follow up studies of the tool's everyday application are planned.
